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H boson mass

* myis a free parameter of the Standard Model

* |tis measured precisely by ATLAS and CMS in the H->ZZ->4] and
H->yy channels (1-2% mass resolution)

* Once myis known, all SM H boson properties are predicted
(couplings, production cross sections, decay branching fractions,
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Consistency tests of SM parameters

* Direct measurements vs. fits to EW precision observables
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Analysis

 Two pairs of leptons (electrons or muons), isolated and prompt, of
opposite sign and same flavor, selected down to low p; (~5 GeV)
* Requirements on di-lepton masses

Kinematic discriminants:
e 7 variables completely describe decay kinematics:
m,,, M,,, 5 angles
* Probability distributions are built from matrix
elements for various contributing processes
(gg — 4l signal, gg — 4l total, qq - 4l etc.) e.g.

Py = glﬁn(mzl,mzz, Qfmy,) x 9’2?288('%4flm11)

* Discriminant = likelihood ratio e.g.
ki
kin __ ‘quJZl

e T+ P
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Phys. Rev. D 91, 012006 (2015)
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5 Mass measurement
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Phys. Rev. D 89, 092007 (2014)

Mass measurement

 Kinematic discriminant

* 3D fit to distribution of m,, D", - and per-event mass resolution D
(8% expected gain in precision)

Lipy = L3p (mag, Do, DY) = P(mag|mps, T, D) P(Dim|mag) x P(Dii|mar)
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Analysis

ATLAS
— Dedicated analysis optimized for mass

0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

measurement

10 event categories with different S/B and mass
resolution (based on unconverted/converted
photon; |n| of photon; d- photon momentum
transverse to thrust)

Neural network using photon pointing + tracks +
recoil info to select most probable primary vertex

Phys. Rev. D 90, 052004 (2014)
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Eur. Phys. J. C74 (2014) 3076

4%# Simulation

—— Parametric model

- CMS
- Unpublished

|~ 8TeV Untagged 0

Oy = 1.05 GeV

FWHM = 1.86 GeV

Events /(0.5 GeV)

0.5

Untagged O
o« =1.05Ge

V

P1 :===:::::::!E!’5" .5:==l======l======l=l::::::

Events are tagged by production mode

Untagged events are further classified
according to an MVA (BDT) based on
mass resolution, photon kinematics,
photon quality (shower shape, isolation)

Vertex selected using BDT trained with
tracks + recoil info + photon pointing
(converted photons)
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Lepton and photon p; scales

* ECAL energy: corrections from simulations; residual corrections from

data/MC comparison of reconstructed Z->e*e- mass

* Muon scale calibrated using Z, J/y and Y masses
* Lepton scale validated using Z, J/} and Y decay leptons
* Validation of photon calibration with Z->uuy FSR photons

Examples of response linearity checks
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Resulting systematic uncertainty on m,, peak:
0.3% (~40 MeV) in 4e and 0.1% in 2e2mu
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Combination of H mass measurements

* H boson mass determined by fitting the m,-dependent distributions
to the data by maximizing the profiled likelihood ratio

L(my, fiy; F+”H(’71H) gy (mu) , P2 (my), 8(my))

I;
L(rh, 1, F+HH Py AR )

A(my) =

* my: parameter of interest

* Three signal strengths u = o/o.,,(m,) to reduce model-
dependence
— MY rqn : SCaling for gluon fusion an ttH production for yy channel
— WY gy VBF and associated production for yy channel
— p# : 4] channel
— assumed to be equal between ATLAS and CMS for nominal result

* O :nuisance parameters (systematic uncertainties)

23/08/15 Pascal Vanlaer, ULB, Bruxelles 12
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Systematic uncertainties

The mass shift dm,,

difference in m, when re-maximizing the profile-likelihood ratio after fixing
the nuisance parameter in question to its best-fit value varied by +/-10

Scale

Other
exp.
Theory

23/08/15

ATLAS and CMS Uncertainty in ATLAS

LHC Run 1 combined result

Uncertainty in CMS
combined result

Uncertainty in LHC
combined result

ATLAS ECAL non-linearity /

CMS photon non-linearity
Material in front of ECAL
ECAL longitudinal response

ECAL lateral shower shape

Photon energy resolution

ATLAS H — yy vertex & conversion
reconstruction

Z — ee calibration

CMS electron energy scale & resolution
uon momentum scale & resolution
ATLAS H — yy background modeling

Integrated luminosity

Additional experimental
\ systematic uncertainties

ATLAS
Qbserved |

Theory uncertainties

CMS

[CJExpected

Combined

[ [CJExpected

l [C]Expected

0.05 0.1

0 0.05 0.1
om, [GeV]
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Combined H mass

L e e e L e L L
ATLAS and CMS —e—i Total Stat. = Syst.
LHC Run 1 Total  Stat. Syst.
ATLAS H—yy A 126.02 = 0.51 ( + 0.43 = 0.27) GeV
CMS H—yy = 124.70 + 0.34 ( = 0.31+ 0.15) GeV
ATLAS H—ZZ—4] | C { 124.51+ 0.52 ( + 0.52 = 0.04) GeV
CMS H—ZZ—4l ——— 125.59 + 0.45 ( + 0.42 + 0.17) GeV
[ amasicms ;| =— 12507 +0.29 (+0.25 = 0.14) GeV
ATLAS+CMS 41 I—||E|—| 125.15 + 0.40 ( = 0.37 = 0.15) GeV
| arLasicms a4 |-$-| """"""""" 125.00 + 0.24 ( =021 0.11) GeV
— I1&3I — I12|4I — I1&5I — I12|6I — I12|7I — I1&8I — I12|9I |
Phys. Rev. Lett. 114, 191803 (2015) m,, [GeV]
m,, = 125.09 + 0.11(scale) £ 0.02(other) £ 0.01(theory) GeV

(computed by profiling signal strengths and
background model parameters)

* scale uncertainty is the largest systematic uncertainty
e theory uncertainty is small but interference effects have been neglected
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 Tension between experiments per  inass-,,
Channel CMS H—yy
[mvv (ATLAS) - m,, (CMS) =1.3£ 0.6 Gev] o
2.10
m,, (ATLAS) - m,, (CMS)=-0.9£0.7 GeV} "™
1.30 ATLAS+CMS vy

ATLAS+CMS 4i

Tension between yy and 4l channels  anas.oms ;. |
m,, (ATLAS+CMS) - m,, (ATLAS+CMS)
=-0.1+0.5GeV
No tension

* Test of 1 common mass vs. 4 masses (Ax? with 3 degrees of freedom)
e p-value: 10%
7% if allowing different signal strengths in ATLAS and CMS
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Signal strength (u)
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Correlation of m, and signal strengths

* Signal strengths from nominal fit:
pYv — 1.15+0.28_0-25 // U eEsvH = 1.17+0.58_0.53 // P.4I = 1. 40+0_30_0'25

(i) Allowing the ATLAS and CMS signal strengths to vary independently yields
a result with 40MeV higher in m

3 T T T | T T T T | T T T T | T T T T T T | T T T T | T T T T
B - ATLAS H— 13
- ATLAS and CMS Ll ATLAS HoZz—4l ] ﬁj
- LHCRun1 CMS H—yy ] ¢
25— CMS H—zZ—41 — 2
r em==a ~. = All combined 1 =
I o . % Best fit :/’;/
2 e
1 =
. 1R
I X . 1 e
1.5 . B T, — =
N N 18
N 3 ] @
L §;~."--X- ] ?:3
1 T T PT Q
e G
O 5_I 11 | 11 11 | 11 1 1 | 1 11 1 | 11 11 | 11 1 1 | 1 11 ]
' 124 1245 125 1255 126 1265 127

23/08/15

m,, [GeV]

Pascal Vanlaer, ULB, Bruxelles

(ii) Single-signal strength fit

= vy = v = u?
K=K ooritn = B verevn = B

(iii) Assuming all signal
strengths = 1 yields a 70MeV
higher mass, mainly due to
rapid variation of H->ZZ
branching fraction with m,

16
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do
e
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M2,

contribution to H(*) — VV cross

K |
102 |

107 |

1072

106

L

Offshell decays and H width

Non-negligible offshell

section (V=W, 7)

gluon-gluon fusion production

2 2
off-shell N SggHSHZZ
gg—H*—727 (zmz)z

Offshell signal strength u°" sensitive
to modification in couplings:

o
L Wwy,
[l

! H(125) peak

Thre::shold effects
at 2m, and 2m,

WW
7

A 2 A 2 A
Hoff-shell (§) = Kg’oﬁ“_she]](s) . KV,off—shell(S)

)
gon-shell N SgatSHZZ
gge—H—->7Z7 muly

u/uen can be interpreted as I',/T',,
if couplings depend on m, as in SM:
2 2

9TT (2T0T) 80 dIHT ‘ouliessed 'O pue Janey "N

100 2 My 2 M,
.\[1‘1‘ [ (;(‘\

23/08/15

Kg,on—shell ' KV,on—shell
Mon-shell = M
1000 FH/FH
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Search in ZZ=>ww, ZZ-> ¢vv and

WW->euvv final states, inclusive

95% CL Iimit on l‘Loff-shell

in jet multiplicity

40_IIIII|IIIIIIIlllllllllll[lll_

- ATLAS RS :
35 H-ZZ+WW off-shell [ J+2 —

- uiﬁ::e',fv"/uovﬁ';h*; W1 e Expected limit (CLs)
30 's=8TeV: JLdt =203 fb" —— Observed limit (CLs) -
25 -

- Effect of extra variation of NNLO 3
20 k-factor in gg->ZZ background:
15:_ M,Oﬁ < [6.7, 11] .
10

0lIlIIlIlIllIlIlll[Illllllllll
06 08 1 12 14 16 1.8 2

RB _ K(gg—VV)
H* — K(gg—H*—VV)

Eur. Phys. J. C (2015) 75:335

ATLAS analysis

Limits on uefshellat 95% CL

- ff
1) Assuming u°"

and u°ff .. are equal

u°ff < 6.2 observed (8.1 expected)

2) Assuming u°f, .. =1 (SM in VBF)

MOﬁggF < 6.7 obs. (9.1 exp.)

Limit on I',, assuming same on-shell
and off-shell coupling scale factors

Obs. (exp.) 95% CL limit:
I/, <5.5(8.0)
equivalent to
'y <23 (33) MeV

Limit on change in ggF coupling
assuming no change in VBF

Rgg - Kg, off-shell /Kg, on-shell < 6.0

23/08/15 Pascal Vanlaer, ULB, Bruxelles
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CMS analysis

V/Z
'

Observed (expected) 95% CL limit: Phys. Lett. B 736 (2014) 64

I,/Tsy, <5.4(8.0) Wggr = 0.817047 5 7
Best fit value: o | 1u<22 (33) MeV flgvsp =1.7"2,,
—0a+l8 ['y=1.8"718MeV Compatible with SM

arXiv:1507.06656

Updated analysis (H->ZZ->4¢ only) L CMS  ermeTnesin'oTey
* Dijet category added in offshell region 2 ~ ‘.50
* Allows to search for mass-dependent @ o e
HVV anomalous coupling A, ©, 0.005 ¢ SM —40 S
<
2
A(HVV) - 14>AQ <qV1 + qVZ)) 1<PA1 (qV1 qVZ)] m%feik/ﬁ% . —30
n? ) )
{20
2f;w f +”3f;w f . 0.005

* 2D limit on I'}, and effective anomalous
cross section fraction f,, 001

23/08/15 Pascal Vanlaer, ULB, Bruxelles
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CMS

arXiv:1507.06656

Lifetime analysis

I * InSM, cv®,=4.8 x 10 um; well beyond
= = experimental precision
Pa1: D 7 .
sl 2] * Search for displaced H->ZZ->41] decay vertex
Ar e T _ Event selection updated to be unbiased wrt
Ref.......coemee Ho P vent selection updated to be unbiased wrt.
P e lifetime
_, — pr-spectrum dependence of vertex resolution
T4 taken into account
rref ‘\ / l CMS 19.7 b7 (8 TeV) + 5.1 b (7 TeV)
gk~ ' T 1 T T T T 13
‘( 0/0/0) % _ ¢ Observed -
8 - [ ] SM signal .
~ [ i_.icy=100um I
At = (A r.p T) -'g 6__ I 99—4/bkg.| | M __
A L% | [ qg—4/bkg. |
<AM>=1y =7 - [ Z+X |
FH 41— olo|e —
Observed 95% CL limit: [ l |
ct, <57 um; I'>3.510° MeV SERAHIES ]
First direct experimental limit on t 4] i
. . | | [ =
H boson lifetime s==2SAER
0 500

23/08/15 Pascal Vanlaer, ULB, Bruxelles CAt (Mm)
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Heavy scalar searches in ZZ and
WW final states

Recent results
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H->7Z7 analysis

 Additional scalar searched for in [140, 1000]
GeV mass range

» Search performed in the ZZ2>ww, 722> v,
/72>¢qq and ZZ->vvqq final states

e Three models considered:

— Narrow-width heavy scalar
* Limits on 0., :XxBR(H->ZZ) and 03:xBR(H->ZZ)

— Type-l and Type-Ill 2HDM models

* Limits on m, tan(p) and coupling to Z bosons cos(f3-a)

Pascal Vanlaer, ULB, Bruxelles
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oo X BR(H=ZZ)[pb]

95% limit on o

102 9oF

vee X BR(H—ZZ)[pb]
o

95% limit on o

arXiv:1507.05330 More stringent limits set compared to indirect
constraints from h(125 GeV)->ZZ in relevant

Resu |tS range of parameters

- ATLAS — - 11l expected i

| — -1 - - = llgg+vvqq expected | =X [T T[T T T [T T T[T T T [T T T [ T T T [TTT]TTT7] o=y L s s B B B B

= Vs=8TeV,203f07 """ IIvv expected E c ‘ ‘ H—LZZ, m‘ =200‘GeV ‘ ‘ c H ‘ ‘ H—LZZ, m =200 GeV ‘ ‘ E

E T E = ATLAS S oiitews) 5 ATLAS  uomType i

C PR Combined expected = ypel = = ypell ]
. F —— Obs 95% CL limit [ =10 band —— Obs 95% CL limit [ =10 band

r . gg —e— Combined observed | Vs=8 Tev ... Exp 95% CL limit [ +20 band L Vs=8 Tev ... Exp 95% CL limit [ +20 band |

R o B 20.3 fb Excluded 20.3 b Excluded

NS [ =20 E b | ;

; ] =200
FTHSZZ Tl v+ llqg +vaq =2 0.008 pb
7I 1 I 1111 I 1111 I 111 | I 1111 I 1111 I 111 | I 1111 I 1111
200 300 400 500 600 700 800 9001000
my [GeV] 08 -06 04 02 0 02 04 06 08 08 -06 04 02 0 02 04 06 08
cos (B-a) cos (B-a)
_l T I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTTT I TTT |_
-ATLAS — = llil expected =) ‘\\\\‘\\\\E\\\\‘\\\\‘\\\\ = ‘\\\\‘\\\\&\\\\‘\\\\‘\\\\
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CMS

H->ZZ+WW analysis

* |n[140, 1000] GeV mass range
* Search in WW->davev, WW2dvjj, WW2ev), 722wk,
7> dvt, ZZ>Uvv, ZZ2Uqq final states

 Several models considered:

— Heavy scalar with SM couplings

— Electroweak singlet mixing with light scalar

* Couplings of h and H states are universally rescaled by C and
C’, constrained by unitarity and h(125) signal strength

/
C*+C% =1
* Heavy H is allowed to decay into new modes with a B.F. B__;:

C/Z
‘1/{/ — C,z (1_Bnew) Iﬁ/:rSN[l—Bnew

e Results also interpreted as a generic 2D limit on mass and
width

Pascal Vanlaer, ULB, Bruxelles



arXiv:1504.00936

Results

53 CMS upio5.11" (7 Tev) + upto 19.7 6™ (8 Tev)
2 10 E | 1 1 1 I I 1 I I I I 1 I 1 I 1
o‘” ; = Combined - - = Combined (exp. = 20) ;
B - — H->WW - 22v—H ->WW - /vqq
S 1025_—H—>ZZ—>2e2v —H>2Z >4 E
s [ —— H >2ZZ - 22t -
£ joL H—ZZ 202
1 :
< : th
X 1
LQ N———r"""—"
o ~
107 E
10—2 |- | I T S NN T TN S NN SO T S NN S S |
200 400 600 800 1000
m,, [GeV]

SM-like scalar: sensitivity down to
0.1 x O, across a large mass range
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EWK singlet: direct search is competitive with
indirect constraint from h(125 GeV)

CMS | upto 5}@" (7 TeV) + up to 19.7 fb” (8 TeV)

- —Obs., Bgy = 0.0 ---EXP\, By, = 0.0 .
— —Obs., Beyw =0.2 -- EXp.)\ B pew = 0.2 ' —
- —Obs., B, =0.5 -- Exp., B,ew =0. PR
B A = Ty (Baan=08) "~~~ N "7 7

,,,,,,,,,,,

300 400 500 600 700 71000

my [GeV]
CMS up to 5.1 fb™ (7 TeV) + up to 19.7 fb™ (8 TeV)
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Conclusions

e The Run-I ATLAS and CMS combined mass
measurement of the H boson is

my, = 125.09 (stat.) £ 0.11(scale) GeV
0.2% precision with Runl data

e Offshell decays open interesting perspectives for
studying the H boson properties

* Direct searches for massive scalars are competitive with
indirect constraints from the study of the H(125) boson

* There is still room for surprises
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With a combined ATLAS+CMS mass value...

ne»r-»

e More combinations can be made

arxiv:1507.04548 Eur. Phys. J. C(2015) 75(212)
-1 -1
ATLAS _0((§§,astgz,c_) Total uncertainty 19.7fb" (8 TeV) + 5.1 fb (7 TeV)
_ — O\theor
my, = 125.36 GeV _o(th::ryy) +loonpu CMS & 658% CL
H =y T = 95% CL
W= 147028 | T : :
R EE : : 0.14 :
H - zz* -0 E T E Ky = 095+0 13 e
_ +0.40 [-0.13 | . :
ST i i | i m,=125.02GeV
H — ww* g I _ +0.16 -
u= 1.184:3;? Egig 1 t: t KZ - 1 05- 0.16 '
H - i : —— :
" _ 144704202 : = =0.81°01° :
w1440 e g S K =U.01 45 e——
4 - :
w=0.637039170% : : '
: 037 |60y } H } _ +0.33 '
H = — Kp =074y 59 _'_:
nw=-0.7371%: N | :
- +4:3 N . +019 :
H -2y iz : . K, =0.847 ¢ .
w=2.74612 : ' i ' :
-4.5|-03 | | 1
Combined 511? K KM <1 87 -:—
w=1.18"°15100 : T : |
044|007 | o qHo G R R RTI R ST SATHNR SN ST NN SN N N ST N N N
] (‘) ‘1 é 3 0 0.5 1 1.5 2 2.5
Vs=7TeV, 4.5-4.7 fb" - P
. rameter valu
\s=8TeV,20.3 fb" Signal strength (u) arameter value
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Electron energy scale

ne»r-»

e Calibration with Z->ee; extrapolated in kinematic range of H decays
» Validation using also J/Psi and Y->ee
 Linearity of response checked vs electron p;

CMS
Relative difference bw/ data and
ATLAS simulation after calibration
Relative difference bw/ nominal scale at o 0.004 o fz8TeV.Lot97t
the Z peak and measured scale Q . 13
g 0.003r- 49
0.02 —~ : 1@
L e e B B L L L L L L B ]
S - et — — 0.002\- 4 <
§ 0.015 Electrons, ml<0.60 __:__ ;/w +e e = <§ é O - 10
: = —e'e J » s - - [0%s)
= 0_01:_ Calibration uncertainty_: g QE 0001: :3::%: ] 0
g 1<, - T e 13
0.005F 10 x4 OF == o 15
C 1 o 8= C 10
‘__+ ______________________ L T 4 O 8% - L —O0— 41 N
OF e = - I & -0.001F ¢ Z o0.008 ~
-0.005F J 9 ~= - Ll bz mosis 12
= 3 8 -0.002 bz -1
-0.01 4 = - , M1525 ]
- ENS -0.003 - ® Y, MO0015
00155 ArLAS s=8 TeV det 203" 2 - § o015 -
T T A e 1 = _ [ Ll
0.02546"""56""30""40 50 60 70 80 90 100 0'0040 10 20 30 40 50 60 70
Er [GeV] Electron p_ (GeV)
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ne»r-»

e Calibration with Z->ee

* Validation with Z->uuy

ATLAS

Relative difference bw/ nominal scale
at Z->ee peak and measured scale in Z-

>y
Phys. Rev. D 90, 052004 (2014)

Photon energy scale

CMS

Residual discrepancy of the energy
response in data relative to that in
simulated events as a function of transverse
energy (for the E/p analysis) and of H;/2
(for the dielectron mass analysis) in four n
and R9 categories

arXiv:1502.02702

19.7 b (8 TeV)

0.02 _I I T T T T I T T T T I T T T T I T T T T I T T T T m T T T T
- - U) L .
0015 £ Unconverted photons 3 §1_004_ Barrel high Rg Barrel low R, CcMS
 —¢— Data ] ! -
0.01 = Calibration uncertainty = é 1-002__
0.005 - | 3 8 1
3 e R S E RSO § 1 i
((,)) 0 §+- E 0.998 1 1 1 1 + 1 + 1 + 1 + 1 +
<-0.005 = 1.005- (} | Endcap low(R,
0.01F 3 ! 1
- . 1E [} ‘
0.015 = ArLAS Vs =8TeV, '[Ldt -203f" 3 : % .
C 3 data/MC
Qo2 bt v v v vy 0.995} ) -+ Mee
10 20 30 40 50 60 i Endcap high R, | . Elp data/MC
E, [GeV] 40 60 80 100 40 60 80 _ 100
(a) E;or H/2 (GeV)
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Muon momentum scale

ne»r-»

Calibration using Z->up, J/@->pp and Y->pp

CcMS
Relative difference of dimuon mass
ATLAS peak bw/ data and simulation after
Ratio of the dimuon mass peak in data and calibration
SimUIation after Calibration (D O_OOfMS\ T T T 1 T T 1 H‘“E‘=‘8‘T‘e‘v‘,L“=‘1?-‘7Tb‘-i
la - 1
o n ]
O 1 1 OOS:I LI | T T T ] T T 7T T LI S R N B B T T I: - E 0-003? ] ﬁ
E =5 ATLAS o7 — 15 — . 1 =
m 1. OO4§ Data 2012, Ys=8 TeV oY el&i g ﬁ < 0.002 7 (<D
gi 10035_ CB muons v J/w — uu _E (;DU 2% E o E O
£ 1.002E . 3 < S 0.001F i, 13
£ = - — = e 1 o
1.0015 . ' #
00 . $ S &'y 0.000F— 18
'E B3 88 g00 ¢ il 00244 3
0.999¢" ERs g : ¢ Y, M0.007 175
0.998F S -0.002F By, mi15249 2
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Analysis strategy
ATL

EXPERIMENT

Different categories have difference S/B, different mass
resolutions

Phys. Rev. D 90, 052004 (2014)

> 0_16_ T ] 1 T T T T ] T T T T [ T T T 7] > & I B .
3 014F ATLAS Simulation 1 § 018 | ATLAS Simulation E
S 012—_ H—vyy, mH=125 GeV ] S 0 145 H—vyy, mH=125 GeV E
E b 1 e f :
§ 0.1: Unconv. central low Py, | 1 g 0.12F Uncon. centrl high P |
S 0.08F FWHM=3.13 GeV 3 3 0.1 FWHM=2.81 GeV =
< N 1 Z - ]
o4 FWHM =3.13GeV | .oF ;
Rt . e 1 o004F FWHM) =2.81GeV E
0.021- J k B 0.02f- =

0_ I 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 I 1 1 1 1 I_ : I | L I | | | | | | \ I | | | | I | | | | I:

100 110 120 130 140 150 0700 110 120 130 140 150

m,, [GeV] m,, [GeV]
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@ a) Thrust axis definition

V1
T

23/08/15 Pascal Vanlaer, ULB, Bruxelles, ICNFP 2015

thrust axis
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CMS,

“~" Compact Muon Solenoid

. Eur. Phys. J. C74 (2014) 3076
|
' CMS

0.02
o

/
—
o

(63}

—
o
>

Data events

-
(@)
w
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( )105

¢ Data L
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| | s

Events /(0.5 GeV

Events /(0.5 GeV)

10

- CMS
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Analysis strategy : BDT classifier

N

£

ﬁ%&b Simulation

—— Parametric model
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23/08/15

0.4 06 0.8
Transformed diphoton BDT classifier score

1

Pascal Vanlaer, ULB, Bruxelles
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Systematic uncertainties

Phys. Rev. Lett. 114, 191803 (2015)

Uncertainty in ATLAS Uncertainty in CMS Uncertainty in LHC
combined result [GeV]: combined result [GeV]: combined result [GeV]:
observed (expected) observed (expected) observed (expected)

Scale uncertainties:

ATLAS ECAL non-linearity / 0.08 (0.10) 0.08 (0.10) 0.06 (0.07)
CMS photon non-linearity
Material in front of ECAL 0.10 (0.08) 0.05 (0.05) 0.05 (0.05)
ECAL longitudinal response 0.07 (0.08) 0.01 (0.01) 0.02 (0.03)
ECAL lateral shower shape 0.07 (0.05) 0.04 (0.05) 0.04 (0.03)
Photon energy resolution 0.02 (0.01) 0.01 (<0.01) 0.02 (<0.01)
ATLAS H — ~+ vertex & conversion 0.03 (0.03) — 0.01 (0.01)
reconstruction
Z — ee calibration 0.05 (0.04) 0.03 (0.03) 0.03 (0.03)
CMS electron energy scale & resolution - 0.05 (0.03) 0.03 (0.02)
Muon momentum scale & resolution 0.01 (0.01) 0.07 (0.03) 0.05 (0.02)
Other uncertainties:
ATLAS H — ~~ background modeling 0.04 (0.03) — 0.01 (0.01)
Integrated luminosity 0.01 (<0.01) <0.01 (<0.01) 0.01 (<0.01)
Additional experimental systematic 0.02 (<0.01) 0.01 (<0.01) 0.01 (<0.01)
uncertainties
Theory uncertainties <0.01 (<0.01) 0.02 (<0.01) 0.01 (<0.01)
Systematic uncertainty (sum in quadrature) 0.18 (0.17) 0.14 (0.13) 0.11 (0.10)
Systematic uncertainty (nominal) 0.18 (0.18) 0.14 (0.13) 0.11 (0.10)
Statistical uncertainty 0.37 (0.37) 0.27 (0.28) 0.21 (0.22)
Total uncertainty 0.41 (0.41) 0.30 (0.31) 0.24 (0.24)
Analysis weights 35% (36%) 65% (64%) -

23/08/15
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Phys. Rev. D 89, 092007 (2014)

CMS

Compact Muon Solenoid

Validation of per-event mass resolution

5 0'05?“'/'8' T T T T |FS|=.8.TG|V’|,L~|=1.9'.7fPJ_

Al i ' ]

S - * Z—e'e data ]
\\‘ 0 04: °
S L © Z—u'w data |
® I D :
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7)) i . .
(U i ]
D i . :
= 0.02- -
0.01- & -

/I I | [ I | [ I | [ I | [ I |
® 001 002 003 004 005
Predicted o, / m,,
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vv+4l

XPERIMENT  phys. Rev. D 90, 052004 (2014)

//;: 4_|| T T | T T | T T | T T | T T T T | T 17T |.| | | | I_I_
8 E ‘/ATLAS 1 (H)omblned Yy+ZZ* =
=7 TeV (Ldt =4.5fb — =y -

@ 35'S J-  H-z7z'— —
% - Vs=8TeV [Ldt=2031b" Amzzi=al -
% 3L % Best fit =
EI — —— 68% CL _
£ e nrr T 95% CL ]
2 2.5 -
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=) o ]
© - ]
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S, 1.5 =
S - .
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CMS

Solen:

23/08/15

O/OSM
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19.7 b (8 TeV) + 5.1 fb' (7 TeV)

i lcllvisI o | %+ Combined ‘E
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- o7 H— ZZ tagged i
- 19
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123 124 125 126 127
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Non-negligible offshell

Offshell decays and H width

contribution to H(*) — VV cross
section (V =W, 2)

gluon-gluon fusion production

-]
L WWwi,
1

N

Threishold effects

| H(125) peak

at 2rh, and 2m,

8 TeV

WW
7

-

9TT (2TOT) 80 dIHT ‘Ouliessed "D pue Janey ‘N

100 2 My

23/08/15

2 M,

i‘[l“' [ (,;('\':

* InSM, I';=4.1 MeV << experimental
resolution on mass peak (1-3 GeV)

* |n SM, the ratio of off-shell and on-shell
cross sections is proportional to I',

2 2 2 2
on-shell SgstSHZZ offshell _ SggH8HZZ
gg7H=2Z mHFH 58 (Zmz)2

* Can off-shell decays help constrain I',; ?

Fit offshell signal strength u°" to data in
m_,,>200 GeV region

— u° sensitive to modification in
couplings:

A 2 A 2 4
Hoft-shell(8) = Ky ot snenn(5) * Ky oft-shen ()

— u°f/u°" can be interpreted as I',/T’,, if
couplings depend on m,, as in SM

2 2

1000 .
Ky.on-shell * Kvon-shell
Mon-shell = M
Ty/TS)
Pascal Vanlaer, ULB, Bruxelles 40



Interference effects

Negative interference with gg->VvV
background

— large at high m,,,
Accounted for in offshell distribution

Prot = tost Psig T Hoi Pint + Pbkg

In gg fusion production, background
and interference only calculated at

LO
+ Signal m, -dependent k-factors (NNLO/LO)

applied G. Passarino (Eur. Phys. J. C 74 (2014)
2866)

e Based on results from M. Bonvini et al.
(Phys. Rev. D88 (2013) 034032) and K. Melnikov

and M. Dowling (arxiv1503.01274), assume

Keontinuum = Ksignal @S central value

23/08/15
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Analysis

nr»r-»

H->ZZ->4] channel

— Matrix-element discriminant
targetting H%* b
ME = loglo( a )

H->ZZ->212v channel
* Only in off-shell region
* Discriminant: transverse mass m;

7 = \/(\/m + [P + A+ B ) ~ |ptE + EmissP

H->WW->eu2v channel
* Discriminant: Rg combination of dilepton

mass and m, WW 5
T Rg = WW
8= \/my +(a-my }

Channel combination assuming same x, K, in
ZZ and WW channels

23/08/15 Pascal Vanlaer, ULB, Bruxelles

Events /0.2

Events / 25 GeV

20F

15

Eur. Phys. J. C(2015) 75:335

ATLAS Vs =8TeV: [Ldt=20.3 b
® Data :
H—27Z -4 <222 SM (stat ® syst)

- - Total (uofl-she\lz1o)
9g+VBF—(H*—) ZZ
I Background qg— ZZ
Background Z+jets, tt

15 -1 -05 0 0.5

ME Discriminant

IIIIAIII\‘
@

T T | T T T | T T T T T T T T T T T T
% ATLAS
7 s=8TeV,203 1"
e Data
. %4 SM (stat @ sys)

I I
H-WW-oevuv SR

---- Total (u ttshel =10)
[ gg+VBF— (H*—)WW
[ ] Top Background

B qog— WW

[_] Other Backgrounds

1 | | | \ 1 | 1 1 | 1 1 1 1 I 1 1

N
A
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Eur. Phys. J. C (2015) 75:335

Systematic uncertainties

Systematic uncertainty 95% CL lim. (CLy) on tof—gshell
Interference gg — (H* —)VV 7.2
QCD scale KX ’ (myy) (correlated component) 7.1
PDF gg —» VV and g9 —» (H* —-)VV 6.7
QCD scale gg — VV 6.7
Luminosity 6.6
Drell-Yan background 6.6
QCD scale KSZ (myy) (uncorrelated component) 6.5
Remaining systematic uncertainties 6.5
All systematic uncertainties 8.1
No systematic uncertainties 6.5
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CMS 19.7 o™ (8 TeV) + 5.1 b (7 TeV)

° 0 T T T T
Analysis S o ‘
- R All contributions (T, = 10xTEY, u = 1)
2 [ e -2z =1 u=1)
q>-) 15-_ -QG*ZZ —
e Baseline Phys. Lett. B 736 (2014) 64 W M o> 330 GeV
— H->ZZ->4l channel 10 ueff=10

* ME-based discriminant (D,,) targetting total gg(->H)-
>Z7 production; fit to (D,,, my)

* Dijet category in on-shell region 1| Ll
— H->ZZ->212v channel

* Discriminant: transverse mass m;

19.7 b’} (8 TeV)

c RS RN SRARN RRRRN RARRN RERRE
— Fi% 1on on 8 [ R
Fit P%ggr, L ggrand [/ Ty, % 1L g_iﬁgf@g;’i’”z‘??ﬁ“r‘g»}?f; =]
c E 9~
. . L?>j B Etzo;j/evt\ijetsNVW
* Update in H->ZZ->4l channel  arXiv:1507.06656 ok
— Dijﬁet category added in offshell region; fit also :
(0]

W verE

— Allows to search for a mass-dependent HVV
anomalous coupling A,

a E oiP0 (qv1 + qu)j _ oifm (‘I%/l + q%z)] 2

3 5 mMyey1€y, 107
(Ag) (A1)

4 a2f;£1)f*(2)’w + a3f;§1)f*(2),yv

10—

A(HVV) X 200 300 400 500 600 700 800 900 1000
m; (GeV)
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29N & arXiv:1507.05930
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Evlents / 4d GeV

CMS 19.5fb™ (8 TeV)
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.~ C’? limits with the full high mass

search combination

N CMS up to 5.1 b (7 TeV) + up to 19.7 fb”" (8 TeV)
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Generic (my, I') scan assuming ™
VBF to ggF scaling as in SM

CMS up to 5.1 fb™ (7 TeV) + up to 19.7 fb™' (8 TeV)
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M7 Split into ggF
—  and VBF
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